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Design of a Fast Chirp PLL Using Digital Phase Interpolator
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Abstract

This study proposes a phase-locked loop using a two-point modulation technique for fast chirp generation. The frequency synthesizer
consists of high- and low-pass regions. In the high-pass region, continuous frequency modulation was achieved using a charge
digital-to-analog converter, while a self-calibration block compensates for the nonlinearity of the voltage-controlled oscillator. In the
low-pass region, the synthesizer is locked to the desired frequency with a low spurious level using a divider, delta-sigma modulator,
and digital phase interpolator. The design used a 28 nm CMOS process and consumed 32 mW power. The chirp bandwidth is 960
MHz with a chirp duration of 41.6 xs. The slope of the chirp is 21.3 MHz/us, with a root mean square error of 3.7 MHz.
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Fig. 1. Proposed TPM PLL block diagram.
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Fig. 5 Unit cell of digital phase interpolator.
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Table 1. Performance summary and comparisons of PLL.
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This work Ref. [1] Ref. [2] Ref. [5] Ref. [6]
Architecture TPM/DPVCPPLL | QDAC/TPM/SSPLL | TPM/Frac-N PLL | TPM/Frac-N PLL DPLL
Reference frequency [MHz] 100 80 100 - 120
VCO Frequency range [GHz] 141~16.4 83~11.7 141~16.4 19~20.25 36.3~38.2
Chirp Bandwidth [GHz] 0.96 1.21 0.86 1 0.5
Chirptldle time [ 5] 48 12.8 428 40 55
Chirp slope [MHz/ z5] 213 94.5 20.1 25.0 9.1
fBW, PLL [MHz] 1 3 02 0.3 0.208
Rms Frequency error[kHz] 3,700 - 7,000 - 824
phase noise @ | MHz [dBc/Hz] —90.8 —109.1 —100.14 —112 =773
Chirp waveform Sawtooth Sawtooth Sawtooth Sawtooth Triangular
Power [mW] 34 11.7 37 - 68
Technology 28-nm CMOS 28-nm CMOS 28-nm CMOS 45-nm CMOS 45-nm CMOS
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